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Finding All Solutions of Piecewise-Linear Resistive Circuits
Using Integer Programming
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4
= Pg(x) +Qx− r = 0 (1)
1
x = (x1, x2, · · · , xn)T ∈ Rn
n
g(x) = [g1(x1), g2(x2), · · · , gn(xn)]T
P Q n×n r
n
,f(x) = [f1(x), f2(x), · · · , fn(x)]T
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δ
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Py +Qx− r = 0
xi = ai0 +
K∑
j=1
δij
yi = bi0 +
K∑
j=1
bij − bij−1
aij − aij−1 δij
∆i1µi1 ≤ δi1 ≤ ∆i1
∆ijµij ≤ δij ≤ ∆ijµij−1
0 ≤ δiK ≤ ∆iKµiK−1
µij ∈ {0, 1} (j = 1, 2, . . . ,K − 1)
(2)
3. 2
λij(i =
1, 2, . . . , N ; j = 0, 1, 2, . . . ,K) 1
i (i = 1, . . . , N)
x1
Py +Qx− r = 0
xi = ai0 + (ai1 − ai0)λi1
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(aij − 2aij−1 + aij−2)λij
yi = bi0 + (bi1 − bi0)λi1
+
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(bij − 2bij−1 + bij−2)λij
µi1 ≤ λi1 − λi2 ≤ 1
µij ≤ λij − λij+1 ≤ µij−1
0 ≤ λiK ≤ µiK−1
µij ∈ {0, 1} (j = 1, . . . ,K − 1)
(3)
λij xij−1
xi j
λ
λik − λik+1 = 1(k < j)
λik − λik+1 = 0(k > j)
(4)
xij−2xij−1+
xij−2 0
4.
g(x) 0-1
g(x),x
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yi, xi yi, xi
4. 1
x1
fh(x) =
N∑
i=1
b′i0 +
N∑
i=1
(b′i1 − b′i0)λi1
+
N∑
i=1
K∑
j=2
(b′ij − 2b′ij−1 + b′ij−2)λij − r = 0
µi1 ≤ λi1 − λi2 ≤ 1
µij ≤ λij − λij+1 ≤ µij−1
0 ≤ λiK ≤ µiK−1
µij ∈ {0, 1} (j = 1, . . . ,K − 1)
(5)
h(h = 1, . . . ,M) b′ij
Pg(x) +Qx xij
(3) yi, xi
4. 2 ‹
δ
x1
fh(x) =
N∑
i=1
b′i0 +
N∑
i=1
K∑
j=1
b′ij − b′ij−1
aij − aij−1 δij − r = 0
δi1 ≤ ∆i1
δij ≥ ∆ijµij
δij ≤ ∆ijµij−1
δiK ≥ 0
µij ∈ {0, 1} (j = 1, . . . ,K − 1)
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(2) yi, xi
5. IBM ILOG CPLEX
IBM ILOG CPLEX( CPLEX ) IBM
11
12
IBM
CPLEX
10
NP
CPLEX (solution pool)
6.
6. 1 1
n [3]
2.5x3i − 10.5x2i + 11.8xi − i+
n∑
j=1
xj = 0 (7)
i = 1, 2, . . . , n.
K = 10
δ
S 1
1 1 ( )
δ
n S
10 7 0.1 0.1 0.3 1
20 7 0.8 0.1 1 2
30 7 1 0.1 3 2
40 7 0.1 0.1 4 3
50 9 9 0.1 9 12
60 9 8 0.1 24 19
70 9 8 0.1 26 16
80 7 9 0.1 17 12
90 9 42 0.2 90 39
100 9 43 0.2 78 48
...
...
...
...
...
...
150 11 265 5 329 243
200 9 740 5 777 320
250 9 894 3 762 1021
300 11 1601 4 1403 1366
350 9 3106 4 2311 1877
400 3 3488 6 3108 2901
450 3 6201 9 6375 5147
500 3 8358 8 7513 5693
7. 2
[3], [7] 5.1–5.8
2
([−20, 0.5], . . . , [−20, 0.5])T
K = 10
[3], [7]
2 2 ( )
δ
S
1 9 0.15 0.14 0.22 0.23
2 3 0.05 0.04 0.1 0.35
3 11 0.08 0.17 0.79 1.33
4 1 1.22 0.3 1.28 1.68
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